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(54) Rear-projection screen 

(57) A liquid crystal rear-projection TV screen has a 
double-side lens sheet (20) and horizontal lenticular 
sheet (30). A vertical lenticular portion (23) is disposed 
on the rear side of the double-side lens sheet (20), and 
Fresnel lens (22) is disposed on the front side. A hori- 
zontal lenticular portion (32) is disposed on the rear side 
of the horizontal lenticular sheet (30), and a light-shield- 
ing layer (35) and protective resin substrate (41 ) are dis- 
posed on the front side. The resin substrate (21) of the 
double-side lens sheet (20) has a low transmittance, 
and the resin substrates (31, 41) of the horizontal len- 
ticular sheet have high transmittances. The observer 
recognizes an image on the double-side lens sheet (20) 
arranged behind the light-shielding layer (35). 
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Description 

[0001 ] The present invention relates to a rear-projection screen and, more particularly, to a screen used as the dis- 
play of a rear-projection TV using a liquid crystal panel as a video source. 
5 [0002] FIQ. 7 is a sectional plan view showing a conventional rear-prq'ection screen generally used for a CRT rear- 
projection TV. This screen comprises, from the projection side (rear side), a Fresnel lens sheet 110, double-side len- 
ticular sheet 120, and protective plate 130. 

[0003] The Fresnel lens sheet 1 1 0 has a transparent resin substrate 111. and Fresnel lens 1 1 2 on its front side. The 
protective plate 130 has a transparent resin substrate 131 and. normally, a surface-treated layer 138 formed on its front 
10 side. The protective plate 130 prevents dust from sticking to the three-dimensional surface of the double-side lenticular 
sheet 120 on the front side and protects a light-shielding layer 125. The surface-treated layer 138 of the protective plate 
130 is formed as an abrasion-resistant hard coat or an antistatic treatment 

[0004] The lenticular sheet 120 has a resin substrate 121 and lenticular portions 122 and 123 on both surfaces of 
the substrate. The lenticular portion 122 on the rear side is constructed by horizontally juxtaposing a plurality of cylin- 
15 drical lenses extending in the vertical direction. The lenticular portion 1 22 is provided to refract/diffuse video light in the 
horizontal direction. The lenticular portion 123 on the observation side (front side) is also constructed by horizontally 
juxtaposing a plurality of cylindrical lenses extending in the vertical direction. The lenticular portions 122 and 123 have 
the function of correcting a color shift (to be described later). 

[0005] A light diffusing material 1 24 is mixed into the resin substrate 1 21 of the lenticular sheet 1 20 to refract/diffuse 
20 video light in the vertical direction. The resin substrate 121 has on its front side protruding portions alternating with the 
cylindrical lenses of the lenticular portion 123. Each protruding portion has a flat top on which a light-shielding layer 125 
is formed by printing black ink or the like. The light-shielding layer 1 25 is provided to improve external light contrast 
[0006] Recently, CRT rear-projection TVs are being replaced with liquid crystal rear-projection TVs with character- 
istic features such as small power consumption, high-image-quality, and lightweight/low-profile structure. In a CRT rear- 
25 projection TV, an image is projected from three tubes of R, G, and B, and the positional difference between the three 
tubes generates a color shift. To correct the color shift, the rear-projection screen must have a double-side lenticular 
sheet However, in a liquid crystal rear-projection TV, video light from the liquid crystal is projected through a monocular 
lens, and no color shift due to the position difference occurs. Hence, the rear-projection screen can use a single-side 
lenticular sheet. 

30 [0007] FIG. 8 is a sectional plan view showing a conventional rear-projection screen used for a liquid crystal rear- 
projection TV. This screen comprises, from the rear side, a Fresnel lens sheet 140 and horizontal lenticular sheet 150. 
[0008] The Fresnel lens sheet 140 has a resin substrate 141, and Fresnel lens 142 on its front side. The lenticular 
sheet 150 has a resin substrate 151. lenticular portion 152 on its rear side, and surface-treated layer 158 on its front 
side. The lenticular portion 152 is constructed by horizontally juxtaposing a plurality of cylindrical lenses in the vertical 

35 direction. The lenticular portion 152 is disposed to refract/diffuse video light in the horizontal direction. 

[0009] This screen has no light-shielding layer as shown in FIG. 7, so low contrast due to external light poses a 
problem. To refract/diffuse video light in the vertical direction and increase the contrast light diffusing material 1 54 and 
dark colorant 154 are mixed into the resin substrate 151 of the lenticular sheet 150. The effect provided is not sufficient, 
and therefore, a light diffusing material 144 is mixed into the resin substrate 141 of the Fresnel lens sheet 140. 

40 [0010] A considerably large amount of light diffusing materials 144 and 154 and dark colorant 154 need be added 
to obtain a sufficient addition effect As a result the screen luminance becomes low in proportion to the content of the 
added materials. If the content is small, the video light refraction/diffusion function in the vertical direction is insufficient, 
resulting in a narrow vertical viewing angle of the screen. 

[001 1 ] FIG. 9 is a sectional plan view showing another example of the conventional rear-projection screen used for 
45 a liquid crystal rear-projection TV. This screen comprises, from the rear side, a Fresnel lens sheet 160 and horizontal 
lenticular sheet 170. 

[001 2] The Fresnel lens sheet 1 60 has a resin substrate 1 61 , and Fresnel lens 1 62 on its front side. A light diffusing 
material 164 is mixed into the resin substrate 161 of the Fresnel lens sheet 160. 

[001 3] The horizontal lenticular sheet 1 70 has a resin substrate 1 71 , and lenticular portion 1 72 on its rear side. The 
so lenticular portion 1 72 on the rear side is constructed by horizontally juxtaposing a plurality of cylindrical lenses extend- 
ing in the vertical direction. A UV curing resin layer 176 and light-shielding layer 175 are formed on the front side of the 
resin substrate 171. The light-shielding layer 175 consists of black stripes formed in regions except the light focusing 
portions of the cylindrical lenses of the lenticular portion 172. 

[001 4] The horizontal lenticular sheet 1 70 also has a protective resin substrate 1 81 bonded to the front side of the 
55 light-shielding layer 175 via an adhesive layer 177. A light diffusing material 184 and dark colorant 184 are mixed into 
the resin substrate 181. A surface-treated layer 188 is formed as an anti-reflection treatment, antistatic treatment and 
hard coat treatment on the front side of the resin substrate 181 . 

[001 5] According to the screen shown in FIG. 9. the contrast is improved, and the content of the above-described 
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colorant or light diffusing material can be reduced because of the effect of the black light-shielding layer 175. In this 
case, however, a phenomenon called "hot bar" inherent to the liquid crystal rear-projection TV is observed. In the "hot 
bar" phenomenon, light from the projector light source is observed locally bright, on the screen surface, as a long bar 
which extends in the horizontal direction perpendicular to the length of the cylindrical lenses of the lenticular portion 
5 1 72. To solve this phenomenon, light diffusing materials and colorants 1 64 and 1 84 are mixed into the resin substrate 
1 61 of the Fresnel lens sheet 1 60 and the protective resin substrate 1 81 , respectively, to subject them to a light diffusion 
treatment. For this screen, however, the screen luminance lowers, and the manufacturing cost increases because of 
preparation of the resin substrates 161 and 181. 

[001 6] It is therefore an object of the present invention to improve both the contrast and luminance of a screen used 
10 as the display of a rear-projection TV and also reduce the manufacturing cost. 

[001 7] It is another object of the present invention to increase the viewing angle in an improved screen. 

[0018] According to the first aspect of the present invention, there is provided a rear-projection screen for which a 

projection side is defined as a rear side, and an observation side is defined as a front side, comprising: 

75 a first lenticular portion having a plurality of cylindrical lenses extending in a first direction and juxtaposed in a sec- 
ond direction perpendicular to the first direction; 

a first substrate disposed on the front side of the first lenticular portion, the first substrate having a thickness of 0.5 
to 3 mm, a total light transmittance Tt1 of 75 to 95%, a diffusion transmittance Dt1 of 40 to 70%, and a haze value 
H1 of 50 to 80; 

20 a Fresnel lens disposed on the front side of the first substrate; 

a second lenticular portion disposed on the front side of the Fresnel lens, the second lenticular portion having a plu- 
rality of cylindrical lenses extending in the second direction and juxtaposed in the first direction; 
a second substrate disposed on the front side of the second lenticular portion, the second substrate having a thick- 
ness of 0.05 to 0.3 mm; 

25 a light-shielding stripe layer disposed on the front side of the second substrate, the light-shielding stripe layer hav- 
ing a plurality of light-shielding bands extending in the second direction and juxtaposed in the first direction at an 
interval; and 

a third substrate disposed on the front side of the light-shielding stripe layer to come into contact with the light- 
shielding stripe layer, the third substrate having a thickness of 0.5 to 3 mm, 
30 wherein the second and third substrate, when combined, have a total light transmittance Tt2 of 75 to 95%, a diffu- 
sion transmittance Dt2 of 0 to 40%, and a haze value H2 of 0 to 50, to satisfy Tt1/Tt2 = 0.8 to 1.2 , Dt1/Dt2 s 1 , 
and H1/H2 s 1 . 

[001 9] According to the second aspect of the present invention, there is provided a liquid crystal rear-projection TV 
35 comprising: 

a light source; 

a liquid crystal panel serving as a video source on which light is projected by the light source; 
an optical system for guiding video light obtained by passing the light from the light source through the liquid crystal 
40 panel; and 

the rear-projection screen according to the first aspect, on which the video light is projected by the optical system. 

[0020] This summary of the invention does not necessarily describe all necessary features so that the invention 
may also be a sub-combination of these described features. 
45 [0021] The invention can be more fully under stood from the following detailed description when taken in conjunc- 
tion with the accompanying drawings, in which: 

FIG. 1 is a schematic view showing a liquid crystal rear-projection TV; 

FIG. 2 is a perspective view showing a rear-projection screen according to an embodiment of the present invention, 
so which is used for the liquid crystal rear-projection TV; 

FIG. 3A is a sectional plan view of the screen shown in FIG. 2 taken along a X-Y plane; 
FIG. 3B is a sectional side view taken along a line IIIB - 1MB in FIG. 3A; 

FIG. 4A is a sectional plan view showing a rear-projection screen according to another embodiment of the present 
invention, which is used for a liquid crystal rear-prpjection TV; 
55 FIG. 4B is a sectional side view taken along a line IVB - IVB in FIG. 4A; 

FIGS. 5A to 5E are sectional plan views showing the steps in forming the light-shielding layer of the screen shown 
in FIGS. 3A and 3B or 4A and 4B; 

FIG. 6 is a graph showing the relationship between the viewing angle and luminance of the screen; 
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FIG. 7 is a sectional plan view showing a conventional rear-projection screen generally used for a CRT rear-projec- 
tion TV; 

FIG. 8 is a sectional plan view showing a conventional rear-projection screen used for a liquid crystal rear-projec- 
tion TV; and 

5 FIG. 9 is a sectional plan view showing another example of the conventional rear-projection screen used for a liquid 
crystal rear-projection TV. 

[0022] In the process of development of this invention, the present inventors have made extensive studies on the 
conventional rear-projection screens as shown in FIGS. 7 to 9 by conducting a number of experiments and conse- 

10 quently obtained the following finding. 

[0023] Generally a rear-projection screen having a Fresnel lens sheet on the rear side and a lenticular sheet on the 
front side, as shown in FIGS. 7 to 9, is arranged such that an observer recognizes an image on the lenticular sheet side. 
For example, in the screen shown in FIG. 8. the light diffusing material 154 and dark colorant 154 are mixed into the 
resin substrate 151 of the lenticular sheet 1 50. and the observer recognizes an image on the resin substrate 1 51 . In the 

is screen shown in FIG. 9. which has the light-shielding stripe layer 1 75. the light diffusing material 1 84 and dark colorant 
184 are mixed into the protective resin substrate 181 (integrated with the lenticular sheet 170) on the front side of the 
light-shielding stripe layer, and the observer recognizes an image on the resin substrate 1 81 . 
[0024] The constitution to cause an observer to recognize an image on the lenticular sheet side is adopted, 
because, if an amount of light diffusing material is mixed into the Fresnel lens sheet on the rear side, projection light 

20 from a projector is excessively diffused, thereby reducing the amount of the parallel component of light outputted to the 
lenticular sheet by the Fresnel function. The present inventors have found by studies, that the turnabout of conception 
to cause an observer to recognize an image on the Fresnel lens sheet side can solve the problems of low contrast and 
light efficiency and high manufacturing cost in the conventional screens. 

[0025] The embodiments of the present invention based on this finding will be described with reference to the 
25 accompanying drawings. In the following description, the same reference numerals denote elements with substantially 
the same functions and structures, and a detailed description thereof will be made only if necessary. 
[0026] FIG. 1 is a schematic view showing a liquid crystal rear-projection TV. This TV has a projection driver 13 dis- 
posed at the lowermost portion of a casing 12. The projection driver 13 includes a light source 14 and liquid crystal 
panel 1 5 used as a video source on its front side. Video light obtained by passing light from the light source 14 through 
30 the liquid crystal panel 1 5 is projected to the rear side of a rear-projection screen 1 9 of this embodiment through an opti- 
cal system comprising a projecting lens 17, and mirror 18. 

[0027] FIG. 2 is a perspective view showing the rear-projection screen according to this embodiment of the present 
invention, which is used for the liquid crystal rear-projection TV. FIG. 3A is a sectional plan view of the screen shown in 
FIG. 2 taken along a X-Y plane. FIG. 3B is a sectional side view taken along a line 1MB - lilB in FIG. 3A. A screen A1 

35 has. from the projection side (rear side), a double-side lens sheet 20 and horizontal lenticular sheet 30. 

[0028] The double-side lens sheet 20 has a resin substrate 21 having thickness of 0.5 to 3 mm, and for example, 
1 .5 mm. A light diffusing material 24 is mixed into the resin substrate 21 such that it has a total light transmittance Tt1 
of 75 to 95%, and for example, 90%, a diffusion transmittance Dt1 of 40 to 70%, and for example, 60%, and a haze 
value H1 of 50 to 80, and for example, 70. 

40 [0029] Definitions of the total light transmittance, diffusion transmittance, and haze value are based on J IS (Japa- 
nese Industrial Standard) K 7105. 

[0030] A vertical lenticular portion 23 is provided on the rear side of the resin substrate 21 . The vertical lenticular 
portion 23 is constructed by vertically juxtaposing a plurality of substantially transparent cylindrical lenses extending in 
the horizontal direction at a pitch PLa of 0.2 mm or less, and for example, 0.07 mm. The vertical lenticular portion 23 is 

45 arranged to refract/diffuse video light in the vertical direction. 

[0031 ] A substantially transparent Fresnel lens 22 is disposed on the observation side (front side) of the resin sub- 
strate 21 . A pitch Pf of the Fresnel lens 22 is set at 0.05 to 0.2 mm. and for example, 0. 1 mm. 
[0032] The horizontal lenticular sheet 30 has a resin substrate 31 having a thickness of 0.05 to 0.3 mm. and for 
example, 0.15 mm, and a protective resin substrate 41 bonded thereto and having a thickness of 0.5 to 3 mm, and for 

so example, 2 mm. The resin substrates 31 and 41 , when combined, are set to have a total light transmittance Tt2 of 75 
to 95%. and for example, 90%, a diffusion transmittance Dt2 of 0 to 40%, and for example. 0%. and a haze value H2 of 
0 to 50. and for example. 0. That is, the resin substrates 31 and 41 of this embodiment are substantially transparent. 
[0033] The set values of the optical characteristics of the resin substrate 21 of the double-side lens sheet 20 and 
those of the resin substrates 31 and 41 of the horizontal lenticular sheet 30 are set to satisfy Tt1ATt2 = 0.8 to 1.2 , 

55 Dt1/Dt2 s 1 , and H1/H2 s 1 . 

[0034] A horizontal lenticular portion 32 is provided on the rear side of the resin substrate 31 . The horizontal len- 
ticular portion 32 is constructed by horizontally juxtaposing a plurality of transparent cylindrical lenses extending in the 
vertical direction at a pitch PLb of 0.3 mm or less, and for example. 0.15 mm. The horizontal lenticular portion 32 is 



4 



EP 1014 169 A1 



arranged to refract/diffuse video light in the horizontal direction. 

[0035] The pitch PLa of the vertical lenticular portion 23 and the pitch PLb of the horizontal lenticular portion 32 sat- 
isfy PLa < PLb and, more preferably, PLb/PLa = 1 .1 to 6.0 . 

[0036] A radiation (e.g. , UV) curing region layer 36 and light-shielding layer (stripe layer) 35 are formed on the front 
5 side of the resin substrate 31 . The light-shielding layer 35 has a plurality of black light-shielding bands extending in the 
vertical direction and juxtaposed at a certain horizontal interval. The light-shielding bands are formed in the method to 
be described later in regions except the light focusing portions of the cylindrical lenses of the horizontal lenticular por- 
tion 32. 

[0037] The protective resin substrate 41 is bonded to the front side of the light-shielding layer 35 via an adhesive 
10 layer 37. A surface-treated layer 48 having a thickness of 1 to 30 jim, and for example. 5 Jim is formed on the front side 
of the resin substrate 41 . 

[0038] In the rear-projection screen A1 having the above-described structure, the transmittance of the resin sub- 
strate 21 of the double-side lens sheet 20 is low, and the transmittances of the resin substrates 31 and 41 of the hori- 
zontal lenticular sheet 30 are high. For this reason, the observer recognizes an image on the double-side lens sheet 20 

is disposed on the rear side of the light-shielding layer 35. This improves contrast by the light-shielding layer 35 of the 
screen and reduces the external light reflectance. In addition, since only the resin substrate 21 of the double-side lens 
sheet 20 is used as the diffusion layer, the manufacturing cost of the screen can be reduced. 
[0039] Furthermore, since the light amount on the screen can be uniformly controlled by the function of Fresnel lens 
22, the vertical video light refraction/diffusion function of the vertical lenticular portion 23. and the horizontal video light 

20 refraction/diffusion function of the horizontal lenticular portion 32. a uniformly bright screen can be obtained. When the 
light diffusion characteristics of the resin substrate 21 (diffusion layer) of the double-side lens sheet 20 and the pitch 
(0.2 mm or less) of the vertical lenticular portion 23 are controlled, hot bar inherent to the liquid crystal rear-projection 
screen can be easily eliminated. The vertical viewing angle can also be controlled. 

[0040] FIG. 4A is a sectional plan view showing a rear-projection screen according to another embodiment of the 
25 present invention, which is used for a liquid crystal rear-projection TV. FIG. 4B is a sectional side view taken along a line 
IVB - IVB in FIG. 4A. A screen A2 has, from the projection side (rear side), a double-side lens sheet 20, first horizontal 
lenticular sheet 30, and second horizontal lenticular sheet 50. 

[0041 ] The double-side lens sheet 20 and first horizontal lenticular sheet 30 have the same compositions and struc- 
tures as those of the double-side lens sheet 20 and horizontal lenticular sheet 30 shown in FIGS. 2, 3A, and 3B, except 

30 that the surface-treated layer 48 on the surface of the protective resin substrate 41 is omitted. 

[0042] The second horizontal lenticular sheet 50 has a resin substrate 51 having a thickness of 0.05 to 0.3 mm, and 
for example, 0.2 mm, and a protective resin substrate 61 bonded thereto and having a thickness of 0.5 to 3 mm, and for 
example, 2 mm. The resin substrates 51 and 61. when combined, are set to have a total light transmittance Tt3 of 75 
to 95%, and for example, 90%, a diffusion transmittance Dt3 of 0 to 40%, and tor example, 0%, and a haze value H3 of 

as 0 to 50, and for exanple, 0. That is, the resin substrates 51 and 61 of this embodiment are substantially transparent. 
[0043] The set values of the optical characteristics of the resin substrate 21 of the double-side lens sheet 20 and 
those of the resin substrates 51 and 61 of the second horizontal lenticular sheet 50 are set to satisfy 
Tt1/Tt3 = 0.8 to 1.2 , Dt1/Dt3 a 1 , and H1/H3 s 1 . 

[0044] A horizontal lenticular portion 52 is provided on the rear side of the resin substrate 51 . The horizontal len- 
40 ticular portion 52 is constructed by horizontally juxtaposing a plurality of transparent cylindrical lenses extending in the 
vertical direction at a pitch PLc of 0.1 mm or less, and for example, 0.05 mm. The horizontal lenticular portion 52 is 
arranged to refract/diffuse video light in the horizontal direction. 

[0045] A pitch PLb of a horizontal lenticular portion 32 of the first horizontal lenticular sheet 30 and the pitch PLc of 
the horizontal lenticular portion 52 of the second horizontal lenticular sheet 50 satisfy PLc < PLb and, more preferably, 
45 PLb/PLc = 1.1 to 6.0. 

[0046] The protective resin substrate 61 is bonded to the front side of the resin substrate 51 via an adhesive layer 
57. A surface-treated layer 68 having a thickness of 1 to 30 jim, and for example, 5 jim is formed on the front side of the 
resin substrate 61. 

[0047] In the rear-projection screen A2 having the above-described structure, since the second horizontal lenticular 
so sheet 50 is arranged on the front side of the first horizontal lenticular sheet 30. the viewing angle in the horizontal direc- 
tion increases. More specifically, without the second horizontal lenticular sheet 50, when the viewing angle is large, the 
luminance abruptly decreases from a certain viewing angle. When the second horizontal lenticular sheet 50 is provided, 
the luminance moderately decreases as the viewing angle becomes large. This means that for the screen having the 
second horizontal lenticular sheet 50, the observer senses no incompatibility because the luminance gradually 
55 decreases from a certain viewing angle. 

[0048] Materials used to form the above two screens A1 and A2 will be described next. 

[0049] As the main material of the resin substrate 21 of the double-side lens sheet 20, polyester resin, styrene 

resin, acrylic resin, acrylic-styrene copolymer resin, polycarbonate resin, or the like can be used. However, the main 
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material of the resin substrate 21 is not particularly limited, and it is important to finally obtain the above-described opti- 
cal characteristics. 

[0050] The light diffusing material 24 to be mixed into the resin substrate 21 comprises spherical beads of an inor- 
ganic compound such as Si0 2 (glass) or an organic compound such as acrylic resin. The grain size of the beads is set 
5 at 3 to 1 00 urn. The light diffusing material 24 having this shape has an effect to be descrbed below. 

[0051 ] Transmitted light (La) obtained by passing projected light from the projector through the resin substrate 21 
(diffusion layer) of the double-side lens sheet 20 is represented by the sum of parallel light (L1) and diffused light (L2). 
The transmitted light is incident on the lens surface of the first horizontal lenticular sheet 30 and emerges to the obser- 
vation side. 

w [0052] For the diffusion layer of the conventional rear-projection screen, a formless material such as an inorganic 
fine powder of glass, titanium oxide, calcium carbonate, silicon dioxide (silica), aluminum oxide, or various types of clays 
is used as a light diffusing material. If only such light diffusing material is used in the resin substrate 21 of the double- 
side lens sheet 20, light transmitted through the resin substrate 21 has a formation such that part of parallel light (L1) 
components has changed into diffused light (L2) components, when the light passes through the light focusing portions 

is of the horizontal lenticular sheet 30. i.e., screen openings of the light-shielding layer 35. In this case, the light is eclipsed 
by the light-shielding layer 35 (when the BS ratio is 50% or more) (the eclipse ratio is 20% to 30%), resulting in loss in 
amount of transmitted light. 

[0053] The light diffusing material in the resin substrate 21 (diffusion layer) of the double-side lens sheet 20 of the 
present invention contains spherical beads of an inorganic compound such as Si0 2 (glass) or an organic compound 

20 such as acrylic resin, and each bead has a grain size of 3 to 1 00 For this reason, the light transmitted through the 
resin substrate 21 contains parallel light (L1) components in a larger amount than that of diffused light (12) components 
when the light passes through the light focusing portions of the horizontal lenticular sheet 30. i.e.. screen openings of 
the light-shielding layer 35. In this case, the light eclipse ratio by the light-shielding layer 35 (when the BS ratio is 50% 
or more) becomes low (the eclipse ratio is 10% or less). The loss in amount of transmitted light decreases, and there- 

25 fore, the luminance of screen increases. 

[0054] As needed, in addition to the beads, an inorganic fine powder of glass, glass f ber, titanium oxide, calcium 
carbonate, silicon dioxide (silica), aluminum oxide, or various types of clays, or fine particles of a cross-linked polymer 
resin can be added to the resin substrate 21 of the double-side lens sheet 20, which contains the light diffusing material 
24. 

30 [0055] A colorant and antistatic agent can also be added to the resin substrate 21 . The colorant contains one of a 
black visible light absorption material whose light absorption spectrum is almost uniform in the visible wavelength range 
and a visible light absorption material having selective wavelength characteristics. This increases the light absorption 
amount in the visible light wavelength range and the external light contrast. Examples of the colorant capable of absorb- 
ing visible light are dyes, pigments, carbon, and metallic salt compatible with the resin substrate 21 . The antistatic agent 

35 is not particularly limited and can be incorporated and mixed into the resin substrate 21 when molding it. 

[0056] The main material of the resin substrates 31 and 51 of the horizontal lenticular sheets 30 and 50 is not par- 
ticularly limited, and polyester resin, polystyrene resin, acrylic resin, acrylic-styrene copolymer resin, polycarbonate 
resin, or the like can be used. However, the main material of the resin substrates 31 and 51 is not particularly limited, 
and it is important to finally obtain the above-described optical characteristics. 

40 [0057] The main material of the protective resin substrates 41 and 61 is not particularly limited, and a material hav- 
ing high rigidity and light transmittance. e.g., styrene resin, acrylic resin, acrylic-styrene copolymer resin (MS resin), or 
polycarbonate resin can be used. However, the main material of the resin substrates 41 and 61 is not particularly lim- 
ited, and it is important to finally obtain the above-described optical characteristics. The main material of the resin sub- 
strates 41 and 61 must apply rigidity to the horizontal lenticular sheets 30 and 50. The resin substrate 41 must 

45 appropriately protect the light-shielding layer 35. A colorant can be mixed into the resin substrates 41 and 61 as needed 
within the range of conditions of the above-described optical characteristics. 

[0058] The surface-treated layers 48 and 68 of the resin substrates 41 and 61 are formed as a hard coat treatment, 
antistatic treatment, and anti-reflection treatment. The outermost surface of the resin substrate 42 or 61 serves the 
observation surface of the rear-projection screen. For this reason, the hard coat treatment is used to make the surface 
so resistant against flaws due to external scratching or contact. In addition, the antistatic treatment is used to prevent dust 
from sticking to the outermost surface of the resin substrate 41 or 61 and reduce the frequency of wiping the screen 
surface. Furthermore, the anti-reflection treatment is used to reduce reflection on the screen surface, reflection of exter- 
nal light and video disturbance due to reflected external light. 

[0059] The hard coat layer by the hard coat treatment can be formed from a UV curing coating. A UV curing coating 
55 generally contains, as principal component, a polymer, oligomer, or monomer having an epoxy group or a double bond 
of radical polymerization as a film formation component and also contains a photopolymerization initiator or sensitizer. 
When a polyacrylate-(metaacrylate-)based UV curing coating whose film formation component has an acrylate-based 
functional group is used, a hard coat layer excellent in surface hardness, transparency, abrasion resistance, and scuff- 
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ing resistance can be formed. 

[0060] To apply a UV curing coating to a resin plate, an arbitrary application method such as blade coating, rod 
coating, knife coating, reverse roll coating, spray coating, or offset gravure coating can be used. Especially, gravure 
coating, gravure reverse coating, reverse roll coating, offset gravure coating, or curtain flow coating is suitable because 
s of the high accuracy of coating thickness and flatness of the coat surface. Alternatively, the hard coat layer may be used 
by transfer using a transfer sheet having the hard coat layer as a transfer layer. 

[0061] The antistatic treatment is performed by applying an antistatic agent to the resin substrate 41 or 61. For 
example, tin oxide (Sn0 2 ) having a grain size of 0.5 urn or less is used to form an antistatic layer having a surface resist- 
ance value of 10 12 Q or less. The fine metal oxide powder is not particularly limited to this as far as the surface resist- 

io ance value of the antistatic layer is 1 0 12 G or less. Especially, the type and content of the antistatic agent are not limited. 
[0062] The anti-reflection treatment can be realized by an antiglare treatment (AG) using a matte layer by forming 
a three-dimensional pattern on the observation layer surface or a low-reflection treatment (LR, AL) by stacking layers 
of materials having different refractive indices on the protective plate by coating or laminating. The material having a low 
refractive index and formation method are not particularly limited. With this treatment, an image with improved external 

is light contrast and without any reflection of external light can be obtained. 

[0063] More specifically, the hard coat treatment can be used to make the outermost layer of the protective resin 
substrate 41 or 61 resistant against external scratching or flaws. The hard coat layer is formed from a UV curing coating 
such as an acrylic UV curing coating. When an inorganic compound such as Si0 2 (glass) or an organic compound such 
as acrylic resin is added to the resin at a ratio of 50% or less to form a matte layer having a three-dimensional surface. 

20 the antiglare (A3) treatment can be performed. 

[0064] The hard coat layer, i.e., coating containing such additives functions as a light diffusion layer for increasing 
the viewing angle of the screen. For the screen A1 without the second horizontal lenticular sheet 50 for improving the 
viewing angle, it is important to perform a treatment for the substantially transparent protective resin substrate 41 to 
increase the viewing angle of the screen. For this reason, the surface-treated layer 48 as thin as 1 to 30 urn, which is 

25 formed on the observation surface of the substrate 41 , preferably has the function of a light diffusion layer. 

[0065] When layers having different refractive indices are stacked on the hard coat layer as a low-reflection layer, 
the low-reflection (LR) treatment can be performed. When an AR film formed by stacking layers of Ti, Si02. and the like, 
which have different refractive indices, is formed on the hard coat layer as an anti-reflection layer, the anti-reflection 
(AR) treatment can be performed. 

30 [0066] The vertical lenticular portion 23 and Fresnel lens 22 of the double-side lens sheet 20 and the horizontal len- 
ticular portions 32 and 52 of the horizontal lenticular sheets 30 and 50 can be formed by one of the following methods 
1 to 3. A sheet-shaped substrate to be mentioned in the description below can be formed from a resin material such as 
polystyrene resin, acrylic resin, or polycarbonate resin. 

35 Method 1 : A sheet-shaped substrate is heated and embossed using a mold in a hot melt state by flat pressing. 

Method 2: Using melt extrusion molding by an extruder, the surface of a sheet-shaped substrate extruded in a melt 
state is embossed using an emboss roil mold. 

Method 3: A UV or electron beam curing resin composition is applied to the molding surface of an emboss roll mold, 
and a sheet-shaped substrate is supplied to the emboss roll mold. The resin is irradiated with UV rays or ionization 
40 radiation through the substrate to cure the resin. Simultaneously, a lens formed from the resin molded product is 
stacked and bonded to a transparent substrate. 

[0067] Although the method to be used is not particularly limited, method 3 using an UV or electron beam curing 
resin is practical from the viewpoint of productivity, where the Fresnel lens 22 of the double-side lens sheet 20 and the 
45 horizontal lenticular portions 32 and 52 of the horizontal lenticular sheets 30 and 50 are formed. Furthermore, although 
the method to be used is not particularly limited, method 2 using the extrusion molding is practical, where the vertical 
lenticular portion 23 of the double-side lens sheet 20 is formed. 

[0068] As described above, the light-shielding layer 35 of the horizontal lenticular sheet 30 is formed from black 
light-absorbing/light-shielding stripes formed in regions except the light focusing portions of the cylindrical lenses of the 
so horizontal lenticular portion 32. That is, the light-shielding stripes are formed in regions where video light focused by the 
horizontal lenticular portion 32 does not pass. 

[0069] FIGS. 5A to 5E are sectional plan views showing the steps in forming the light-shielding layer 35. 

[0070] First, as shown in FIG. 5A, a substrate 71 having a lenticular portion 72 of cylindrical lenses on one surface 

is prepared. 

55 [0071] Next, as 6hown in FIG. 5B, an ionization radiation curing resin layer 73 is formed on the flat surface of the 
substrate 71. 

[0072] As shown in FIG. 5C. the flat surface of the substrate 71 is vertically irradiated from the lenticular portion 72 
side with a band-shaped light beam LB extending in the longitudinal direction of the cylindrical lenses. At this time, the 
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tight source and substrate 71 are moved relative to each other in the juxtaposing direction of the cylindrical lenses. With 
this process, the resin layer 73 is cured in correspondence with the position of light focused by each cylindrical lens. 
Uncured layers 73a and cured layers 73b are formed in the resin layer 73. 

[0073] As shew in FIG. 5D, a transfer sheet 78 formed by forming a black coloring layer 77 on a transfer sheet sub- 
5 strate 76 is overlaid on the entire flat surface of the substrate 71 having the resin layer 73 such that the coloring layer 
77 side opposes the substrate 71 . Using the adhesion of the uncured layers 73a, the coloring layer 77 is caused to stick 
to only the uncured layers 73a. Instead, a fine black toner powder may be caused to selectively stick to only the uncured 
layers 73a. 

[0074] Next, as shown in FIG. 5E, the transfer sheet 78 is peeled from the substrate 71 to remove the coloring layer 
10 77 portions corresponding to the cured layers 73b. With this process, a light-shielding layer 75 consisting of bands or 
stripes is formed in correspondence with the uncured layers 73a. 

[0075] In the exposure process shown in FIG. 5C, when the light source and substrate 71 are moved relative to 
each other in the juxtaposing direction of the cylindrical lenses, the same irradiation state as that when the entire sur- 
face of the lenticular portion 72 is irradiated with parallel light beams at once is obtained. Hence, the light-shielding lay- 
15 ers 75 are formed in correspondence with the light nonfocusing portions of the lenticular sheet in actual use. More 
specifically, the light-shielding layers 75 can be self-aligned at portions where video light does not pass. i.e.. portions 
where light shielding is required, at an appropriate positional accuracy. 

[0076] According to this exposure process, when the width of the uncured layer 73a is controlled in accordance with 
the exposure amount, the width of each band of the light-shielding layer 75 can be controlled. The ratio of the width of 
20 the nonfocusing portion and that of the (nonfocusing portion + focusing portion) is defined as a BS ratio. To obtain suf- 
ficient contrast, the BS ratio is preferably 50% or more. 

[Experiments] 

25 [0077] The performances of samples PS1 and PS2 of the rear-prpjection screens A1 and A2 for a liquid crystal 
rear-projection TV according to the present invention shown in FIGS. 2 to 4, samples CS1 and CS2 of the conventional 
rear-projection screens for a liquid crystal rear-projection TV shown in FIGS. 8 and 9, and a sample CS3 of the conven- 
tional rear-projection screen for the CRT rear-projection TV shown in FIG. 7 were compared. 

so Struct^ of SamplQ 

1 . Sample PS1 according to the present invention 

[0078] The sample PS1 was formed from a double-side lens sheet 20 and horizontal lenticular sheet 30 having the 
35 black light-shielding layer 35, as shown in FIGS. 3A and 3B. For specifically, the light diffusing material 24 was mixed 
into a resin substrate 21 of the double-side lens sheet 20. Resin substrates 31 and 41 of the horizontal lenticular sheet 
30 were substantially transparent. The surface-treated layer 48 of the protective resin substrate 41 was omitted. The 
pitches Pf, PLa, and PLb of Fresnel tens 22, vertical lenticular portion 23, and horizontal lenticular portion 32 were set 
at 0.1 mm, 0.07 mm, and 0.16 mm, respectively. 

40 

2. Sample PS2 according to the present invention 

[0079] The sample PS2 was formed from a double-side lens sheet 20, first horizontal lenticular sheet 30 having a 
black light-shielding layer 35, and second horizontal lenticular sheet 50, as shown in FIGS. 4A and 4B. More specifically, 
45 the sample PS2 was formed by adding the second horizontal lenticular sheet 50 on the front side of the sample PS1 . A 
surface-treated layer 68 of a protective resin substrate 61 was omitted. The PLc of a horizontal lenticular portion 52 was 
set at 0.07 mm. 

3. Comparative sample CS1 

so 

[0080] The sample CS1 was formed from a Fresnel lens sheet 140 and horizontal lenticular sheet 150 having no 
black light-shielding layer, as shown in FIG. 8. More specifically, a light diffusing material 144 was mixed into a resin 
substrate 141 of the Fresnel lens sheet 140, and a light diffusing material and colorant 154 were mixed into a resin sub- 
strate 151 of the horizontal lenticular sheet 150. The surface-treated layer 158 of the resin substrate 151 was omitted. 
55 The pitches of the cylindrical lenses and horizontal lenticular portion were set to be the same as those of the sample 
PS1 according to the present invention. 
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4. Comparative sample CS2 

[0081] The sample CS2 was formed from a Fresnel lens sheet 160 and horizontal lenticular sheet 170 having a 
black light-shielding layer 175. More specifically, a light diffusing material 164 was mixed into a resin substrate 161 of 
5 the Fresnel lens sheet 160, and a light diffusing material and colorant 184 were mixed into a protective resin substrate 
1 81 of the horizontal lenticular sheet 1 70. A surface-treated layer 1 88 of the protective resin substrate 1 81 was omitted. 
The pitches of the cylindrical lenses and horizontal lenticular portion were set to be the same as those of the sample 
PS1 according to the present invention. 

10 5. Comparative sample CS3 

[0082] As the sample CS3. a commercially available CRT rear-projection TV screen having the structure shown in 
FIG. 7 was used. More specifically the sample CS3 had a Fresnel lens sheet 110, double-side lenticular sheet 120, and 
protective plate 130. A light cfiffusing material 124 was mixed into a resin substrate 121 of the double-side lenticular 
is sheet 120. The pitch of the Fresnel lens 1 12 was 0.15 mm, and that of a horizontal lenticular portion 122 was 0.5 mm. 

Evaluation Method 

[0083] The optical characteristics of the above samples were evaluated by the following method. 

20 

1. Viewing angle 

[0084] Each sample of the rear-projection screen was set in a liquid crystal rear-projection TV (illuminance at the 
screen central portion: 200 LUX). At a position separated from the screen by 2 m, the luminance (cd/m 2 ) at the screen 

25 central portion and the luminances at posrtiohs separated from the central portion in the horizontal direction by prede- 
termined angles were measured. Measurement was performed in a 2° -viewing field using a BM-7 available from Top- 
con. On the basis of the measurement result, the angles at which the central luminance became 1/2, 1/3, 1/1 0, and 1/20 
were represented by oH, pH, yH, and 6H, respectively. The luminance (cd/m 2 ) at the screen central portion and the 
luminances at positions separated from the central portion in the vertical direction by predetermined angles were meas- 

30 ured. Measurement was performed in a 2° -viewing field using the BM-7 available from Topcon. On the basis of the 
measurement result, the angle at which the central luminance became 1/2 was represented by aV. 

2. Luminance 

35 [0085] Each sample of the rear-projection screen was set in a liquid crystal rear-projection TV (illuminance at the 
screen central portion: 200 LUX). The luminance at a position separated from the screen by 2 m was measured. Meas- 
urement was performed in a 2° -viewing field using the BM-7 available from Topcon. 

3. Contrast 

40 

[0086] Each sample of the rear-projection screen was set in a liquid crystal rear-projection TV (luminance at the 
screen central portion: 200 LUX). At a position separated from the screen by 2 m, the luminances (cd/m 2 ) of the white 
and black portions were measured, and contrast was obtained from the luminance ratio. Measurement was performed 
in a 2° -viewing field using the BM-7 available from Topcon. 

45 

4. External light reflectance 

[0087] Each sample of the rear-projection screen was set in a liquid crystal rear-projection TV (luminance at the 
screen central portion: 200 LUX). At a position separated from the screen by 2 m, the black luminance is measured, 
so and external light reflectance was obtained from the luminance ratio relative to a reference white board. 

5. Hot bar 

[0088] Each sample of the rear-projection screen was set in a liquid crystal rear-projection TV (luminance at the 
55 screen central portion: 200 LUX). A sample for which a see-through phenomenon (the light source was seen through) 
was not observed was represented by a sample for which the phenomenon was slightly observed was repre- 
sented by "a", and a sample for which the phenomenon was observed was represented by "X". 
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6. Moire and sharpness 

[0089] A projected image was visually observed. A sample for which moire was rarely observed was represented 
by "©", and a sample for which moire was slightly observed was represented by "a". Sharpness represents the reso- 
lution of the image. A projected image was evaluated by visual observation. A sample excellent in resolution was rep- 
resented by "©". and a sample lightly poor in resolution was represented by "a". 

I0090] Table 1 shows the result of this experiment As shown in Table 1 , the samples PS1 and PS2 are more excel- 
lent on the general base than the remaining samples in the luminance, contrast, external light reflectance, and hot bar. 
In addition, the sample PS2 is more excellent in viewing angle characteristics than the sample PS1 . 



Table 1 



Optical characteristic 


PS1 


PS2 


CS1 


CS2 


CS3 


Viewing angle (°) 














Horizontal direction aH 


35 




37 


35 


35 


30 


Horizontal direction pH 


40 




42 


41 


41 


38 


Horizontal direction yH 


45 




48 


46 


46 


43 


Horizontal direction 6H 


50 




55 


51 


51 


48 


Vertical direction aV 


8 




8 


8 


8 


10 


Luminance (cd/cm2) 


460 


430 


130 


380 


190 


Contrast 


150 


40 


100 


45 


External light contrast (%) 


1.5 


4 


3 


4 


Hot bar 


® 


X 


O 


O 


Moire 


® 


® 


® 


A 


Sharpness 


@ 


O 


® 


A 



[0091] A liquid crystal rear-projection TV screen has a double-side lens sheet (20) and horizontal lenticular sheet 
(30). A vertical lenticular portion (23) is disposed on the rear side of the double-side lens sheet (20). and Fresnel lens 
(22) is disposed on the front side. A horizontal lenticular portion (32) is disposed on the rear side of the horizontal len- 
ticular sheet (30). and a light-shielding layer (35) and protective resin substrate (41) are disposed on the front side. The 
resin substrate (21) of the double-side lens sheet (20) has a low transmittance, and the resin substrates (31 , 41) of the 
horizontal lenticular sheet have high transmittances. The observer recognizes an image on the double-side lens sheet 
(20) arranged behind the light-shielding layer (35). 

Claims 

1 . A rear-projection screen for which a projection side is defined as a rear side, and an observation side is defined as 
a front side, characterized by comprising: 

a first lenticular portion (23) having a plurality of cylindrical lenses extending in a first direction and juxtaposed 
in a second direction perpendicular to the first direction; 

a first substrate (21) disposed on the front side of said first lenticular portion, said first substrate (21) having a 
thickness of 0.5 to 3 mm, a total light transmittance Tt1 of 75 to 95%, a diffusion transmittance Dt1 of 40 to 
70%, and a haze value H1 of 50 to 80; 

a Fresnel lens (22) disposed on the front side of said first substrate; 

a second lenticular portion (32) disposed on the front side of said Fresnel lens (22), said second lenticular por- 
tion (32) having a plurality of cylindrical lenses extending in the second ejection and juxtaposed in the first 
direction; 

a second substrate (31) disposed on the front side of said second lenticular portion (32), said second substrate 
(31) having a thickness of 0.05 to 0.3 mm; 

a light-shielding stripe layer (35) disposed on the front side of said second substrate (31), said light-shielding 
stripe (35) layer having a plurality of light-shielding bands extending in the second direction and juxtaposed in 
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the first direction at an interval; and 

a third substrate (41) disposed on the front side of said light-shielding stripe layer (35) to come into contact with 
said light-shielding stripe layer, said third substrate (41) having a thickness of 0.5 to 3 mm, 
wherein said second and third substrate (31 , 41), when combined, have a total light transmittance Tt2 of 75 to 
95%, a diffusion transmittance Dt2 of 0 to 40%, and a haze value H2 of 0 to 50, to satisfy Tt1/Tt2 * 0.8 to 1.2 , 
Dt1/Dt2 ^ 1 .and H1/H2 s 1 . 

2. The screen according to claim 1, characterized in that said first lenticular portion (23), said first substrate (21), and 
said Fresnel lens (22) construct an integrated first lens sheet (20). 

3. The screen according to claim 1 . characterized in that said second lenticular portion (32), said second substrate 
(31). said light-shielding stripe layer (35), and said third substrate (41) construct an integrated second lens sheet 
(30). 

4. The screen according to claim 1, characterized in that each of said first, second, and third substrates (21, 31, 41) 
is substantially formed from a resin substrate. 

5. The screen according to claim 1 , characterized in that said cylindrical lenses of said second lenticular portion (32) 
are arrayed at a pitch of not more than 0.3 mm. 

6. The screen according to claim 5, characterized in that said cylindrical lenses of said first lenticular portion (23) are 
arrayed at a pitch of not more than 0.2 mm. 

7. The screen according to claim 6, characterized in that when the pitch of said cylindrical lenses of said first lenticular 
portion (23) is PLa, and the pitch of said cylindrical lenses of said second lenticular portion (32) is PLb, PLa < PLb 
is satisfied. 

8. The screen according to claim 7, characterized in that PLb/PLa = 1 .1 to 6.0 is satisfied. 

9. The screen according to claim 1, characterized in that said bands of said light-shielding stripe layer (35) are 
arranged at positions corresponding to nonfocusing portions of said cylindrical lenses of said second lenticular por- 
tion (32). 

10. The screen according to claim 1, characterized in that said first substrate (21) is substantially formed from a resin 
material in which a light diffusing material (24) is mixed. 

1 1 . The screen according to claim 10, characterized in that the light diffusing material comprises beads (24) of an inor- 
ganic or organic compound. 

1 2. The screen according to claim 1 0, characterized in that a colorant and an antistatic agent are further mixed into the 
resin material of said first substrate (21). 

13. The screen according to claim 1, characterized by further comprising a light diffusion layer (48) having a thickness 
of 1 to 30 \im and formed on a front-side surface of said third substrate (41). 

14. The screen according to claim 13, characterized in that said light diffusion layer (48) substantially comprises a resin 
layer in which an inorganic or organic compound is mixed at a ratio of not more than 50%. 

1 5. The screen according to claim 1 , characterized by further comprising a coating (48) applied to the a front-side sur- 
face of said third substrate (41) and having a function selected from the group consisting of hard coat, antistatic 
and anti-reflection functions. 

16. The screen according to claim 1 . characterized by further comprising a third lenticular portion (52) disposed on the 
front side of said third substrate (41). 

17. The screen according to claim 16, characterized in that said third lenticular portion (52) has a plurality of cylindrical 
lenses extending in the second direction and juxtaposed in the first direction. 
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18. The screen according to claim 17, characterized in that when a pitch of said cylindrical lenses of said second len- 
ticular portion (32) is PLb, and a pitch of said cylindrical lenses of said third lenticular portion (52) is PLc. PLc < PLb 
is satisfied. 

1 9. The screen according to claim 1 8, characterized in that PLh/PLa ■ 1 .1 to 6.0 is satisfied. 

20. A liquid crystal rear-projection TV characterized by comprising: 

alight source (14); 

a liquid crystal panel (15) serving as a video source on which light is projected by said light source (14); 

an optical system (17, 18) for guiding video light obtained by passing the light from said light source (14) 

through said liquid crystal panel (15); and 

said rear-projection screen (19) according to claim 1 , on which the video light is projected by said optical sys- 
tem (17, 18). 
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